As sea surface temperatures rise and the global human population increases, large-scale 17 field observations of marine organism health and water quality are increasingly 18 necessary. We investigated the health of corals from the family Fungiidae using visual 19 observations in relation to water quality and microbial biogeochemistry parameters along 20 1300 km of the Red Sea coast of Saudi Arabia. At large scales, incidence of lesions 21 caused by unidentified etiology showed consistent signs, increasing significantly from the 22 northern to southern coast and positively correlated to annual mean seawater 23 temperatures. Lesion abundance also increased to a maximum of 96% near the populous 24 city of Jeddah. The presence of lesioned corals in the region surrounding Jeddah was 25 
Introduction 34
Corals are essential to the biological productivity of reef environments, but are being lost 35 at increasing rates due to factors related to rising global sea surface temperatures (SST) shown to cause a significant increase in severity of coral disease. In experimental field 60 manipulations, the application of fertilizer (>1M concentration each of nitrate, 61 ammonium and phosphorus) caused an increase in both the spread of disease and host 62 tissue loss (Bruno et al. 2003) . High nutrient levels can also negatively impact coral 63 recruitment, coral cover, and community composition (Fabricius 2005) . In addition to 64 nutrients, abundances and major types of microorganisms are an important component of 65 water quality. For example, ratios of heterotrophic to autotrophic bacteria can indicate an 66 imbalance in an oligotrophic reef environment (Dinsdale et al. 2008) . Understanding the 67 relationships between coral disease and multiple components of water quality and 68 biogeochemistry is important to quantifying the influence of these factors on coral health. 69
Finally, aquaculture may be a source of bacterial pathogens to the marine 70 environment and thus may play a role in the distribution of coral disease. Some strains of 71 pale yellow discoloration. The lesions are two-dimensional and small in size relative to 141 coral (or polyp) size. 
Direct cell counts 167
Microbial abundances were determined using flow cytometry. In order to 168 enumerate both pigmented and non-pigmented cells, aliquots of the preserved water 169 samples were analyzed in two manners, stained and unstained. although the study quantified bleaching, bleaching was not investigated further. Lesioned 219 corals were further investigated, and lesions were found to affect 27% of fungiids 220 throughout the reefs surveyed. On the broadest spatial scale, lesioned fungiids were more 221 prominent on southern compared to northern Red Sea reefs (Fig. 4) , and this trend is 222 statistically significant (Mood median test, Chi-squared = 214 15.96, DF = 3, p = 0.001). 223
On smaller scales, particularly in the central Red Sea, lesioned fungiids peaked to 224 incidences of 97%, and were more prevalent north of the city of Jeddah, a major Saudi 225
Arabian city on the coast (Fig. 4) Supplementary Fig. 1A ). Concentrations of nitrate + nitrite ranged between 0.004 -233 0.528 M (mean 0.181 M) and were generally < 0.2 M at the northernmost sites 234 (Supplementary Fig. 1B Fig. 2E ). Ratios at one site in the 257 southern Red Sea (AQ3 at 19.1N) was especially low, < 1.5, and one site in the northern 258
Red Sea (Pisces I, 27.3N) was exceptionally high, with a cellular ratio of 27.8. 259
SST was not directly measured at each site, but satellite data revealed that mean-260 annual SST averaged over three years for each study site ranged from 26C to 29. analysis also indicated that Prochlorococcus spp. decreased as lesion occurrences 286 increased, whereas Synechococcus spp. and picoeukaryote abundances increased with 287 increasing percentage of lesions. There were no relationships between abundances of 288 heterotrophic bacteria and lesioned corals (Fig. 7D) , and the ratio of heterotrophic to 289 autotrophic prokaryotes was also not significantly related to lesioned corals (Fig. 7E) . ammonium concentrations were associated with greater percentages of lesions, and the 294 opposite relationship was found for silicate (low silicate when lesions were more 295 prevalent). However, it should be noted that although the relationship between 296 ammonium and lesioned corals was significant, at many sites concentrations were below 297 detection and this trend was only apparent at the local scale near the Red Sea's largest 298 city of Jeddah. No significant relationship was found between the percentages of coral 299 lesions at each site and concentrations of phosphate (Fig. 8C ) or nitrate and nitrite (Fig.  300   8D) . 301 302
Urban and aquaculture influences on coral lesions 303
The nutrient and microbial data in the eastern Red Sea suggest that there may be 304 specific point-source impacts from the surrounding terrestrial environment. Lesioned 305 corals were prominent south of Al-Lith, a city supporting a low population (<130,000 306 people; Central Department of Statistic) but a large shrimp aquaculture facility. The 307 potential impact of aquaculture pollutants on lesioned corals was assessed using 308 regression analysis with distance from the aquaculture outfall, and did not demonstrate a 309 significant relationship (Fig. 9A) . 310
A relationship between distances from the major urban center of Jeddah 311 (population 3.4 M; Central Department of Statistics) was found using regression analysis. 312
Specifically, abundances of lesioned corals were significantly related to distance from 313 Jeddah (Fig. 9B) . Populations of the other eastern Red Sea cities were considerably 314 lower than Jeddah (25,568 -233,236 people; Central Department of Statistics) and were 315 not further investigated. 316 317
Urban water quality related to lesioned corals near Jeddah: a summary 318
The relationships between lesioned corals and water quality and proximity to 319
Jeddah were further examined on a scale relative to point source pollutants. 320
Oceanographic currents along the eastern Red Sea shore generally move from the south 321 to the north, and both concentrations of ammonium and lesion occurrence reached 322 maximum values at the first site north of Jeddah (~40km), and then decreased with 323 distance northward (Fig. 10) Additional longer-term, large-scale studies are needed to monitor corals over time 362
and differentiate between patterns of bleaching and lesions. It should be noted that at 363 depths greater than 6m, fungiid corals will sometimes exhibit mottled patterns of 364 bleaching in response to thermal stress (Hoeksema 1991) . However, the pattern of 365 bleaching described by Hoeksema (1991) 
